Necrovirus, family Tombusviridae), based on the molecular and serological properties of the purified virus particles. The genomic region encoding the coat protein (CP) of this isolate (named GP isolate) was amplified by RT-PCR and the cDNA was cloned and sequenced. The CP gene encodes a predicted protein of 269 amino acids showing high identity (86.2%) to TNV-D coat protein sequence. Phylogenetic analysis based on necroviruses CP sequences, confirmed GP as a TNV-D isolate. The alignment with homologous TNV-D CP sequences revealed four conserved amino acids involved in Ca 2+ binding as well as the plant virus icosahedral capsid protein "S" signature. Based on the determined nucleotide sequence, specific primers were designed and successfully used in RT-PCR for virus diagnosis in naturally infected olive trees.
Introduction
Tobacco necrosis virus D (TNV-D) is a small icosahedral virus ca. 28 nm in diameter with a single stranded positive-sense RNA genome approximately 3.8 kb long [6, 34] . It belongs to the genus Necrovirus [27] and is naturally transmitted by the soil inhabiting fungus Olpidium brassicae (Wor.) Dang [32] .
Strains of TNV have been grouped into two distinct species, TNV-A and TNV-D [2, 34] . The complete nucleotide sequences of TNV-A and TNV-D were reported by Meulewaeter et al. (1990) and Coutts et al. (1991) respectively. A similar genome organization of these two species has been deduced from the determined nucleotide sequence indicating the presence of five open reading frames (ORFs) for TNV-D. The only known structural gene product is the coat protein, encoded by the 3 proximal ORF, with 268 amino acid residues [7] .
TNV was detected in tobacco, tulip, bean, cucumber, potato, some woody plants like pear, apple, citrus and grapevines [15, 17] . Recently a TNV isolate was detected for the first time in olive (Olea europaea L.) by Félix and Clara (2000) . In Portugal, the olive crop has a high economic importance. Its susceptibility to virus infections is associated with potential losses justifying the development of viral diagnosis methods. These are essential for sanitary improvement programs in which the purpose is the exclusive propagation of virus-free material. In the last twenty years, 13 different viruses of seven different genera have been identified in olive trees [20, 9] . The identification of new viruses infecting O. europaea and their molecular characterization prompts the development of sensitive and specific detection methods, as described for other virus diseases [21, 26] .
In the present study, a new viral isolate, from O. europaea cv. "Galega" grown in the south of Portugal and designated GP, has been identified as TNV-D based on its molecular and serological properties. The nucleotide sequence of the coat protein gene of GP has been determined and the deduced amino acid sequence compared with that of other necroviruses. Specific primers were designed, based on the determined nucleotide sequence, and used in RT-PCR for TNV diagnosis, as described for other viruses infecting olive trees [3] .
To our knowledge, this is the second TNV isolate identified in O. europaea and the first report on the coat protein gene sequence of a TNV isolate from olive.
Materials and methods

Virus purification and characterization
Symptomatic Nicotiana benthamiana plants, previously inoculated with fruit extracts from olive trees cv "Galega", were used for virus purification. Frozen material was ground in cold 0.1 M ammonium citrate buffer (1:3 w/v), filtered, clarified by differential centrifugation as described by Zhang et al. (1993) and further purified by ultracentrifugation through sucrose density gradient columns (10-40% in distilled water), at 150 000 g for 40 min. A light scattering virus band was recovered from the gradients and concentrated by centrifugation at 150 000 g for 4 h.
Virus particle size was determined by observation of preparations stained with 2% uranyl acetate, under an electron microscope model JEOL 200 operated at 100 kV. Coat protein subunits were dissociated from virus particles as described by Merciega et al. (1996) and electrophoresed in a 12.5% SDS-polyacrylamide gel [18] , to determine the viral coat protein molecular mass.
Viral nucleic acid was extracted from purified virus particles following a SDS-phenol method described by Diener and Schneider (1968) , treated with DNase I (Sigma) or RNase A (Stratagene) and electrophoresed in an agarose gel [31] to determine the size of viral genome.
Serological tests were carried out by DAS-ELISA [5] using a TNV broad range antiserum (Loewe Phytodiagnostica) and an Olive latent virus 1 (OLV-1) antiserum prepared against a Portuguese OLV-1 isolate [10] .
cDNA synthesis and polymerase chain reaction (PCR)
To determine the nucleotide sequence of the CP gene, complementary DNA synthesis was carried out by reverse transcription using RNA extracted from purified virus particles as described previously. The cDNA region containing the CP gene was amplified by PCR, cloned and sequenced.
For complementary DNA synthesis 100 ng of viral RNA was mixed with 1.5 µl of 100 µg/ml random hexamers (Promega) and incubated for 10 min at 70 • C. Reverse transcription reaction was performed using 200 units of Moloney Murine Leukemia Virus Transcriptase (Invitrogene) according to the manufacturer's instructions. Three µl of the mixture were subject to PCR amplification using 2.5 units of PfuTurbo DNA Polymerase (Stratagene) with primers GP 1 5 (5 -TTTTTGCGGCCGCAAGACTCAACACATTTCGATCGC-3 ) and GP 1 3 (5 -TTTTTTGCGGCCGCGGCAAAGGCCCCTCAATCTGG-3 ) (Invitrogene). These primers, designed to amplify the coat protein gene region, were based on the published genome sequence of TNV-A [23] and tailed with a NotI recognition site. Amplification was carried out according to the manufacturer's instructions, in a Personal Cycler (Biometra) through one first step at 95 • C for 1 min, followed by 30 cycles at 95 • C for 1 min, 65 • C for 1 min and 72 • C for 2 min, and a final extension step at 72 • C for 10 min.
Cloning and sequencing of coat protein gene
The amplified product was purified from an agarose gel using the Gel Extraction Spin Kit (Genomed), digested with NotI (Fermentas), ligated to NotI digested pZErO-2 (Invitrogene) and transformed into E.coli Top10 competent cells (Invitrogene). Recombinant DNA was purified using the Plasmid Miniprep Spin Kit (Genomed).
Double stranded sequencing was performed using an automatic ABI PRISM 310 sequencer with the ABI Prism BigDye Terminator Reaction Cycle Sequencing kit and sequence analyses were carried out using BioEdit [13] . ClustalW [33] was used for alignment of CP amino acid sequence of GP with homologous sequences of other necroviruses, identified with a BLAST search [1] . MEGA2 [16] and PROSITE [8] programs were used for phylogenetic analysis and motif search, respectively.
Viral RNA detection by RT-PCR
Reverse transcription of total RNA extracted from N. benthamiana plants and from stems and fruits of olive trees cv. "Verdeal Alentejana", using the RNeasy Plant Mini Kit (Qiagen), was performed as described above. Three µl of RT reaction mixture were used for amplification by PCR using 2.5 units of Taq DNA Polymerase (Invitrogene) and 0.2 µM of primers GP 1 INT5 (5 -GTGTTCAGTCATATACATACC-3 ) and GP 1 INT3 (5 -GCCTATTGTGCTGT ACCAC-3 ) (Invitrogene). These primers were designed based on the here determined coat protein nucleotide sequence, to allow amplification of a GP specific 257 nucleotide fragment from an internal portion of CP. Amplification was accomplished through 35 cycles at 94 • C for 1 min, 54 • C for 1 min and 72 • C for 2 min, and a final extension step at 72 • C for 10 min. Amplified products were analysed by electrophoresis in 1% agarose gel.
Results
Viral properties
Purified GP virus preparations observed under the electron microscope revealed a homogeneous population of isometric particles ca. 28 nm in diameter (data not shown). SDS-PAGE analysis of dissociated viral coat protein showed a major polypeptide species, with an estimated molecular mass of 30 kDa (data not shown). DNase I treatment of extracted virus nucleic acids did not affect the viral genome nor infectivity, whereas RNase A treatment resulted in absence of nucleic acid bands in agarose gel (data not shown) and total loss of infectivity indicating that viral genome is ssRNA. Genomic RNA consists of a single molecular species with an approximate size of 3.8 kb as estimated by agarose gel electrophoresis (data not shown). DAS-ELISA tests revealed a positive reaction of the virus towards a TNV broad range antiserum and a negative reaction to OLV-1 antiserum (data not shown).
Coat protein sequence
Sequence analysis of the cloned cDNA fragment of the TNV(GP) genome, revealed a coat protein gene, 810 nucleotides long (GenBank TM accession number AY263376) encoding a predicted protein of 269 amino acid residues (Fig. 1) , with M r of 29 105. The coat protein deduced amino acid sequence was aligned with homologous sequences of other necroviruses. The phylogenetic tree generated from the Fig. 2 . Phylogenetic tree generated from the alignment of TNV(GP) coat protein sequence (deduced from nucleotide sequence with the accession number AY263376) with that of other necroviruses, using the Neighbor-joining method. TNV-D, Rothamsted isolate [7] , protein accession number BAA00790; TNV-D H : Tobacco necrosis virus-D Hungarian isolate [24] , AAC57950; TNV-A [23] , NP 056828; TNV-Toyama: TNV Toyama isolate [29] , BAB01493; TNV-Nebraska: TNV Nebraskan isolate [35] , protein sequence deduced from the nucleotide sequence with the accession number L04261; OLV-1citrus: Olive latent virus 1, citrus isolate, Turkey [11] , NP 043911; OLV-1tulip: OLV-1, tulip isolate, Japan [14] , BAB55656; OLV-1(GM6): OLV-1, olive isolate, Portugal (Félix et al., unpublished) ; MNSV: Maize necrotic streek virus (Louie et al., unpublished), AAG21218; LWSV: Leek white stripe virus [19] , NP 044744. The number at each branch indicates the percentage of bootstrap analysis that supports the grouping at that node sequence alignment, using the Neighbor Joining method [30] , shows that GP isolate is clustered with homologous proteins of other TNV isolates, revealing a closer relationship with TNV-D than with TNV-A (Fig. 2 ). An identical tree was obtained using the Minimum Evolution method [28] (data not shown). Alignment of the coat protein sequence from TNV(GP) with homologous sequences of other TNV isolates (Fig. 3) , revealed higher sequence identity with the two TNV-D isolates, D and D H (86.2%), than with TNV-A (45.8%), Toyama (43.3%) or Nebraska (41.7%) TNV isolates. Two residues of aspartic acid, one of threonine and one of asparagine of the TNV(GP) coat protein sequence are conserved and were identified as Ca 2+ binding sites [25] . In addition, the plant virus icosahedral capsid protein "S" region signature ( [8] , consisting on 26 amino acids (position 134 to 159) was identified (Fig. 3) . 
Viral detection by RT-PCR
RT-PCR analysis with primers GP 1 INT5 and GP 1 INT3 using total RNA from TNV-infected N. benthamiana plant tissues, resulted in a product with the expected size of about 260 bp, indicative of TNV(GP) isolate (Fig. 4) . A product with the same size was obtained, using total RNA extracted from stems and fruits, from three out of four TNV-infected field growing olive trees. These trees were known to be naturally infected with TNV by DAS-ELISA tests of N. benthamiana plants inoculated with olive fruits extracts. On the other hand, no amplification was detected with total nucleic acids extracted from healthy or from OLV-1 infected plants subjected to identical RT-PCR conditions (Fig. 4) .
Discussion
The first TNV isolate detected in O. europaea was reported in 2000 [9] and, so far, appears to be restricted to olive trees growing in Portugal [12] .
Here we report the identification of a second TNV isolate (GP) from O. europaea, based on the serological and molecular properties of the viral particle (diameter, structural protein, genome type and antiserum reaction), typical of TNV-D [6, 34] .
The identification of this second isolate as a TNV-D was further supported by the determined coat protein gene sequence. Phylogenetic analysis of the GP coat protein revealed a closer relationship with TNV isolates than with other necroviruses, including OLV-1 (Fig. 2) .
The high sequence identity between the coat proteins of GP, TNV-D [7] and TNV-D H [24] , as well as the phylogenetic analysis data, suggest that GP isolate may be included in the TNV-D species. Differences between the TNV isolates GP (Portugal), D (England), D H (Hungary), Toyama (Japan) and Nebraska (U.S.A.) could be ascribed to their different geographical origins and/or reflect viral adaptation to different hosts, i.e. olive (GP), beans (D), tobacco (D H , Nebraska) and tulip (Toyama).
Two residues of aspartic acid, one of threonine and one of asparagine are conserved among the aligned TNV coat protein sequences and were identified as Ca 2+ binding sites, based on the TNV coat protein crystal structure described by Oda et al. (2000) (Fig. 3) .
The plant virus icosahedral capsid proteins "S" region signature was detected in TNV(GP) coat protein sequence (Fig. 3) . This "S" region is a central domain characteristic of the coat protein of plant icosahedral positive strand RNA viruses, that forms the virion [8] .
The sequence data allowed the design of a set of primers potentially useful for diagnosis of TNV (GP) in naturally infected olive trees, by RT-PCR. Most natural virus infections in olive trees growing in the field are symptomless [20] , and thus sensitive methods for viral detection are required to ensure that olive propagation is done exclusively from virus-free plant material. Plant samples taken from olive field trees were screened for TNV(GP) infection by RT-PCR resulting in the amplification of the expected product in some samples. No amplification was obtained with OLV-1-infected plants, indicating specificity of the RT-PCR conditions. These results suggest that the method is suitable for TNV(GP) diagnosis directly from olive tissues.
To our knowledge this is the first report on the coat protein gene sequence of a TNV isolate obtained from O. europaea.
